Introduction {#S0001}
============

Hypopharyngeal squamous cell carcinoma (HSCC), the most common histological type of hypopharyngeal cancers generated from the hypopharynx, accounts for about 5% of head and neck squamous cell carcinomas.[@CIT0001],[@CIT0002] Due to the special anatomical location, it is not discoverable in the early stages, and most patients are diagnosed at advanced stages.[@CIT0003] Although surgical treatment has developed greatly in recent decades, the quality of life of patients has not significantly improved because many cases are treated at the expense of laryngeal function due to late diagnosis.[@CIT0004] Thus, further exploration of the underlying molecular mechanisms and identification of novel molecular biomarkers for HSCC is of great value for clinical practice.

Circular RNAs (circRNAs) are covalently joined single-strand RNA loops that are abundant in various eukaryotic transcriptomes.[@CIT0005] This unique molecular structure endows circRNAs with stability based on their exonuclease resistance.[@CIT0006] Usually, circRNA expression is cell-, tissue-, developmental stage- and, most importantly, disease-specific.[@CIT0007],[@CIT0008] CircRNAs are abundant in tissues, plasma, saliva and exosomes.[@CIT0009]--[@CIT0011] Thus, circRNAs are ideal molecular biomarkers for various diseases, including diverse cancers of the aerodigestive tract.[@CIT0012]--[@CIT0014] For example, hsa_circ_00001649, hsa_circ_0000745 and hsa_circ_0000140 were suggested to be novel biomarkers for gastric cancer,[@CIT0015]--[@CIT0017] and hsa_circ_0001946, hsa_circ_0043603[@CIT0018] and hsa_circ_0067934[@CIT0019] could serve as biomarkers for esophageal squamous cell carcinoma. At the same time, the clinical application potential of hsa_circ_0000711 and hsa_circ_0004585 as biomarkers for colorectal cancer was demonstrated.[@CIT0020],[@CIT0021] However, few studies have focused on the involvement and clinical significance of circRNAs in HSCC.

MORC family CW-type zinc finger 3 (MORC3) belongs to a new family of ATPases, MORCs, which participate in various cancers.[@CIT0022],[@CIT0023] MORC3 expression changed after anticancer chemotherapy, suggesting that MORC3 was involved in reactions to cellular damage caused by chemotherapy.[@CIT0024] And by recruiting p53 and localizing it to promyelocytic leukemia nuclear bodies (PML-NBs), MORC3 plays essential roles in p53-induced cellular senescence.[@CIT0025] A total of 41 circRNAs could be generated from MORC3 in the human genome, and 3 circRNAs could be produced in the mouse genome according to the records in circBase.[@CIT0026] Hsa_circ_0001189, located at chr21:37711076--37717005 +, was highly conserved compared to mmu_circ_0006475 located at chr16:93847532--93853462 +. Thus, we named this isoform of hsa_circ_0001189 "circMORC3," and we investigated its expression and clinical importance in HSCC.

Here, we demonstrate that circMORC3 expression levels were significantly lower in HSCC tissues compared to adjacent normal tissues. The relationship between circMORC3 expression and clinicopathological factors in HSCC patients was explored. CircMORC3 was shown to be downregulated in the plasma of HSCC patients compared to non-tumor patients, and the diagnostic roles of circMORC3 were further explored.

Methods {#S0002}
=======

Patients and Samples {#S0002-S2001}
--------------------

HSCC tissues and paired adjacent normal tissues were collected in Department of Otorhinolaryngology Head and Neck Surgery, Eye & ENT Hospital of Fudan University from HSCC patients who underwent surgery. Patients who received chemotherapy and/or radiotherapy were excluded from the study. A total of 33 pairs of HSCC tissues and adjacent normal mucosa tissues were included. All HSCC tissues were histopathologically confirmed by pathologists, and pathological stages were determined.[@CIT0027] All samples were stored at −80°C until RNA extraction. This study was approved by the Institutional Ethics Committee of the Eye & ENT Hospital of Fudan University, and all patients signed informed consent forms before sample collection.

Peripheral Blood Collection {#S0002-S2002}
---------------------------

Venous blood samples from 22 HSCC patients and age-matched non-tumor (vocal cord polyps) patients were obtained in trisodium citrate anticoagulation tubes. Plasma was extracted within 2 h after blood collection. First, peripheral bloods were centrifuged at 1500 rpm for 10 min to primarily isolate plasma. The plasma was centrifuged again at 12,000 g for 30 min. Finally, the isolated plasma was stored at −80°C until use.

RNA Extraction and qRT-PCR Analyses {#S0002-S2003}
-----------------------------------

Total RNA was extracted using TRIzol reagent (Invitrogen, Carlsbad, California, USA) according to the manufacturer's instructions. Nanodrop ND-2000 (Thermo Fisher Scientific, Inc) was used to measure the quantity and quality of RNA. PrimeScript™ RT Master Mix (TaKaRa, Dalian, China) was used to perform reverse transcription, and qRT-PCR was performed with SYBR Green Premix Ex Taq™ II (TaKaRa, Dalian, China) according to the manufacturer's instructions. GAPDH was chosen as the internal standard control, and relative expression of transcripts were compared using the 2^−ΔΔCt^ method. The following primers were used: forward primer of 5′-CGAACGTGATGTTTATCGAC-3′ and reverse primer of 5′-CAGTAACTTCTGTTCCGTGG-3′ for circMORC3; forward primer of 5′-TCCTGATGTGAACGCTAAACAAA −3′ and reverse primer of 5′-GAACCCGACTTGAAGCCATTC-3′ for MORC3; and forward primer of 5′-CAATGACCCCTTCATTGACC-3′ and reverse primer of 5′-TTGATTTTGGAGGGATCTCG-3′ for GAPDH.

Statistical Analysis {#S0002-S2004}
--------------------

Statistical analyses were performed using GraphPad Prism 6.02 (GraphPad Software, La Jolla, CA, USA) and SPSS version 22.0 (SPSS Inc, Chicago, IL, USA). The results of qRT-PCR were presented as mean ± standard  deviation (SD). Paired t-tests were used to compare the relative expression of circMORC3 and MORC3 in HSCC and adjacent normal tissues. Non-paired t-tests were used to compare the relative expression of circMORC3 in plasma from HSCC patients and non-tumor patients. Similarly, non-paired t-tests were used to test the relationships between circMORC3 expression levels and clinicopathological characteristics. Pearson correlation analysis was used to explore the correlation between expression levels of circMORC3 and MORC3 in HSCC tissues. The diagnostic value of circMORC3 was evaluated using the area under the receiver operating characteristic (ROC) curve (AUC). *P* values \< 0.05 were considered as statistically significant.

Results {#S0003}
=======

CircMORC3 Expression Levels Were Downregulated in HSCC Tissues {#S0003-S2001}
--------------------------------------------------------------

CircMORC3 was generated from *MORC3* consisting of exons 5 to 7. Divergent primers were designed to examine circMORC3 expression levels in HSCC tissues and adjacent noncancerous tissues. CircMORC3 expression levels were markedly downregulated in HSCC tissues compared to matched normal tissues ([Figure 1A](#F0001){ref-type="fig"}). Downregulated circMORC3 was observed in 84.8% (28/33) of patients with HSCC compared to corresponding noncancerous tissues ([Figure 1B](#F0001){ref-type="fig"}).Figure 1(**A**) CircMORC3 was downregulated in HSCC tissues compared to paired adjacent normal tissues (n = 33, \*\**P* \< 0.001). (**B**) CircMORC3 was downregulated in 84.8% (28/33) of HSCC patients compared to corresponding noncancerous tissues.

Correlation of circMORC3 Expression Levels with Clinicopathological Features of HSCC Patients {#S0003-S2002}
---------------------------------------------------------------------------------------------

Considering the obvious downregulation of circMORC3 in HSCC compared to paired normal tissues, we explored correlations between the expression levels of circMORC3 in tissues and the clinicopathological characteristics of HSCC patients. As shown in [Table 1](#T0001){ref-type="table"}, the expression levels of circMORC3 were significantly lower in HSCCs with higher T stages than lower T stages (*P* = 0.0194), and circMORC3 expression levels were significantly lower in HSCCs with larger tumor sizes compared to smaller tumor sizes (*P* = 0.0438). Other clinicopathological factors like age, N stage, TNM stage, and pathological differentiation were not associated with circMORC3 expression.Table 1Correlation Between circMORC3 Expression Levels and Clinicopathological Features of Hypopharyngeal Squamous Cell Carcinoma Patients (HSCCs)Clinicopathological FeaturesNumber of CasesMean ± SD*P* values**Age** ≤60172.146 ± 0.44810.5542 \>60161.710 ± 0.5806**T stage** T1-T2182.667 ± 0.58620.0194\* T3-T4151.008 ± 0.2152**N stage** N072.111 ± 0.47470.7810 N1-N3261.860 ± 0.4430**TNM Stage** I, II61.950 ± 0.52860.9619 III, IV271.904 ± 0.4287**Pathological differentiation** Well/moderate301.827 ± 0.34080.4611 Poor32.770 ± 2.379**Tumor sizes** ≤4 cm222.321 ± 0.50340.0438\* \>4 cm111.097 ± 0.2917[^1]

The Expression Levels of MORC3 and Correlation Between circMORC3 and MORC3 in HSCC Tissues {#S0003-S2003}
------------------------------------------------------------------------------------------

The cognate linear mRNAs generated from the parental gene of circMORC3 were also quantitively examined using qRT-PCR. Consistent with the downregulation of circMORC3, the mRNA MORC3 was decreased in HSCC tissues too (*P* \< 0.0001; [Figure 2A](#F0002){ref-type="fig"}). The positive relationship between circMORC3 expression and MORC3 expression was validated using Pearson correlation analysis (*r* = 0.415, *P* = 0.016; [Figure 2B](#F0002){ref-type="fig"}).Figure 2(**A**) MORC3, the cognate mRNA of circMORC3, was downregulated in HSCC tissues compared to adjacent normal tissues (n = 33, \*\*\**P* \< 0.0001). (**B**) CircMORC3 and MORC3 were significantly correlated in HSCC tissues (*r* = 0.415, *P* = 0.016).

Potential Diagnostic Value of circMORC3 in HSCC {#S0003-S2004}
-----------------------------------------------

Based on the significant relationship between circMORC3 expression levels and the clinicopathological characteristics of HSCC patients, ROC curve analysis was used to evaluate the underlying diagnostic value of circMORC3 expression. The AUC for circMORC3 distinguishing HSCC from normal adjacent tissues was 0.834 (95% confidence interval (CI): 0.737 to 0.931; *P* \< 0.0001; [Figure 3](#F0003){ref-type="fig"}), suggesting that it could serve as potential HSCC diagnostic biomarker.Figure 3The diagnostic potential of circMORC3 in HSCC tissues. The area under the ROC curve (AUC) was 0.834 (95% confidence interval (CI): 0.737 to 0.931; *P* \< 0.0001).

CircMORC3 Expression Was Downregulated in HSCC Plasma {#S0003-S2005}
-----------------------------------------------------

In total, plasma from 22 pairs of HSCC patients and non-tumor patients were collected. CircMORC3 was significantly downregulated in HSCC plasma compared to circMORC3 expression levels in non-tumor patient plasma (*P* = 0.009; [Figure 4A](#F0004){ref-type="fig"}). ROC curve analysis was also used to assess the diagnostic role of circMORC3 in plasma. The results suggested that circMORC3 could distinguish HSCC patients from non-tumor patients with an AUC of 0.767 (95% CI: 0.627 to 0.906; *P* = 0.002; [Figure 4B](#F0004){ref-type="fig"}).Figure 4(**A**) Expression of circMORC3 was downregulated in HSCC plasma compared to non-tumor patients (n = 22, \**P =* 0.009). (**B**) The diagnostic value of circMORC3 in plasma. The area under the ROC curve (AUC) was 0.767 (95% confidence interval (CI): 0.627 to 0.906; *P* = 0.002).

Discussion {#S0004}
==========

Representing a high malignant level, HSCCs are generated from the upper aerodigestive tract mucosa.[@CIT0002] The diagnosis of HSCC typically comes at a late stage, and the prognosis of HSCC was poor. The potential of circRNA to serve as biomarkers might shed light on the early detection and diagnosis of HSCC.

CircRNAs are a new focus of the non-coding RNA field, and studies suggest that they are involved in different hallmarks of cancers.[@CIT0028]--[@CIT0030] Generally, circRNAs function by sponging different miRNAs to regulate various target mRNAs.[@CIT0031] CircRNAs could also affect physiopathologic processes by binding to RNA binding proteins or regulating transcription and splicing.[@CIT0012] CircRNAs are extremely stable compared to linear RNAs because they lack free 3′ or 5′ ends. CircRNAs exist widely in various tissues and in saliva and plasma, which allows for non-invasive diagnosis with dysregulated circRNAs.[@CIT0012]

Here, we validated the downregulation of circMORC3 in HSCC tissues compared to paired normal tissues, which was consistent with the previous microarray results.[@CIT0032] Further analyses of the relationships between circMORC3 expression levels and clinicopathological features illustrated that the expression levels of circMORC3 were more significantly decreased in HSCC with higher T stages and bigger tumor sizes than those with lower T stages and smaller tumor sizes. Although the detailed mechanisms need more careful study, the results suggested that circMORC3 expression was correlated with HSCC proliferation abilities. ROC curve analysis indicated that circMORC3 could serve as a potential biomarker for HSCC based on the AUC of 0.834.

It should be noted that circMORC3 expression levels were significantly correlated with the cognate linear mRNA MORC3. This might imply that circMORC3 might function partly through modulating MORC3 expression, which is consistent with previous reports. For instance, circSKA3 and circDTL acted as oncogenes by regulating the expression of their host genes in medulloblastoma.[@CIT0033] Similarly, circGFRA1 functioned as a competing endogenous RNA (ceRNA) to regulate GFRA1 expression by sponging shared miR-34a to promote the tumorigenesis of triple negative breast cancer.[@CIT0034] However, the precise molecular mechanisms by which circMORC3 participates in HSCC remain to be explored.

Recent studies demonstrated the existence of circRNA in plasma and saliva, and their non-invasive diagnostic values were also shown.[@CIT0035] For example, hsa_circ_0000190, hsa_circ_0000745, and hsa_circ_0000520 were downregulated in gastric cancer plasma, and they could be used as biomarkers with AUC of 0.60, 0.683, and 0.8967, respectively.[@CIT0016],[@CIT0036],[@CIT0037] Zhao et al found that hsa_circ_0001874 and hsa_circ_0001971 were upregulated in saliva of oral squamous cell carcinoma patients compared to healthy controls, and their AUCs reached 0.863 and 0.845, respectively. Interestingly, the AUC of the two circRNAs in combination reached 0.922.[@CIT0010] To investigate the diagnostic value of circMORC3 in HSCC, the expression of circMORC3 was first shown to be decreased in HSCC plasma compared to non-tumor plasma. ROC curve analysis suggested the potential value of circMORC3 in HSCC diagnosis with an AUC of 0.767.

According to Jones and Athanasiou,[@CIT0038] an AUC of 0.75 to 0.92 is good and an AUC of 0.93 to 0.96 is very good. Thus, circMORC3 could serve as a diagnostic biomarker with good predictability for HSCC in both tissues and plasma. Further studies are still needed to verify the diagnostic potential of circMORC3 in a larger cohort and elucidate the molecular mechanism of circMORC3 in oncogenesis and progression of HSCC.

Conclusion {#S0005}
==========

Our results indicated that circMORC3 was downregulated in HSCC tissues compared to adjacent normal tissues, and its expression levels were correlated with T stages and tumor sizes of HSCCs. CircMORC3 could distinguish HSCC tissues from adjacent normal tissues with an AUC of 0.834. Furthermore, circMORC3 expression in HSCC patient plasma was significantly lower than in non-tumor patients, and ROC curve analysis suggested that circMORC3 could serve as a promising non-invasive biomarker for early HSCC diagnosis. However, the detailed mechanism needs further investigation in the future.
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